NETL Life Cycle Inventory Data

N=TL
Process Documentation File
Process Name: Concrete production
Reference Flow: 1 kg of concrete product
Brief Description: Input and output flows for producing 1 kg concrete product,
ready mix, precast or concrete masonry unit from plant
Section I: Meta Data
Geographical Coverage: United States Region:

Year Data Best Represents: 2007

Process Type: Manufacturing Process (MP)
Process Scope: Cradle-to-Gate Process (CG)
Allocation Applied: No

Completeness: All Relevant Flows Captured

Flows Aggregated in Data Set:

Process Energy Use [J Energy P&D Material P&D
Relevant Output Flows Included in Data Set:

Releases to Air: Greenhouse Gases Criteria Air Pollutants Other

Releases to Water: Inorganic Emissions Organic Emissions Other

Water Usage: [J Water Consumption Water Demand (throughput)

Releases to Soil: ~ [ Inorganic Releases [ Organic Releases [0 Other

Adjustable Process Parameters:
None.

Tracked Input Flows:

Coal [technosphere] coal
gasoline [technosphere] gasoline
Liquefied petroleum gas [technosphere] Liquefied petroleum gas
middle distillates [technosphere] middle distillates
natural gas [technosphere] natural gas
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petroleum coke [technosphere] petroleum coke
residual oil [technosphere] residual oil
electricity [technosphere] electricity

Tracked Output Flows:

concrete product Reference flow

Section II: Process Description

Associated Documentation

This unit process is composed of this document and the data sheet (DS)
DS Stagel23 M_Concrete Production_2016.01.xlsx, which provides additional details regarding
relevant calculations, data quality, and references.

Goal and Scope

This unit process provides a summary of relevant input and output flows associated with the
production of precast concrete, ready mix concrete, or concrete masonry units. The PS tab allows the
user to switch between scenarios so that the unit process can represent any of 11 preset scenarios or
a concrete mix provided by the user. The reference flow of this unit process is 1 kg of concrete
product.

Boundary and Description

This unit process is largely based on data from Marceau et al. (2007), which was taken from
confidential industry surveys. Marceau et al. (2007) used surveys from precast, ready mix, and CMU
plants to perform a life cycle inventory on the cradle-to-gate process. This data was then broken
down by input to allow the user to choose different concrete mixes and find the associated emissions
with the production of that concrete mix.

The PS tab of the associated DS Stage123 Concrete Production.xisx provides 11 concrete mixes: 7
ready mix variations, 3 precast mix variations, and 1 CMU mix. It also provides space for the user to
input other concrete mixes if needed. The PS tab then calculates the burden for all of the upstream
inputs (Portland cement (PC), PC substitutes, water, coarse aggregate and fine aggregate), transport
of inputs to the plant, and operation of the plant. When choosing the concrete type to use, strength
is usually the most important factor. Most concrete used is around 20 MPa with some in the 25- to
30-MPa range. Only 1 to 2% of the concrete market is rated for higher strengths (Marceau et al.
2007). The ready mix concretes represent lower strengths, while precast can be used to create
higher strengths due to the plant’s ability to better regulate mixing and curing conditions. Table 1
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shows the strengths along with the primary material differences between the mixes. Note that there
are a number of ways to get to 20 MPa concrete, with the fly ash and slag variants offsetting the use
of virgin Portland Cement.

Additionally, results from Habert et al. were used to add impacts associated with concrete
admixtures. Because admixtures represent a small weight percentage of the total concrete mix and
they have very small global warming impacts, many life cycle analyses do not include them.
However, admixtures can have larger affects in other impact categories (Habert et al. 2011).

Habert et al. (2011) provide information on the abiotic depletion, global warming potential (GWP),
ozone layer depletion, human toxicity, ecotoxicity, photochemical oxidation, acidification and
eutrophication impacts of admixture production. The impact categories are presented in terms of
equivalents (e.g. CO2 equivalents for GWP and SO; equivalents for acidification) rather than material
flows. Thus, the actual emissions are not provided, only aggregates of emissions converted into
equivalents. For the purposes of the unit process, these have been entered as simple chemical
emissions which are not exactly representative of the actual emissions and can change the impacts in
a later impact analysis. For example, the SO, equivalents are meant to only affect acidification, but
entering SO; as an output in an impact analysis software may also affect human health. These
affects, although incalculable, are considered negligible due to the likelihood that they are small per
mass admixture, and because they will be small per mass concrete.

The resulting emissions for each of the pre-set concrete mixes are shown in Table 2.

Table 1: Unit Process Input and Output Flows

g 3
= 2 @ E &
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» b En - En < o Q @ En o &
s¥F | BE | zf | gE | FF | OF | EfEF | IR
S S| &£ 3 & w < zZ a< | 8¥2| ££
Precast Mix 1 50 2,290 504 0 0 0 1,050 555
Precast Mix 2 70 2,380 445 56 0 0 1,112 611
Precast Mix 3 Unspecified 2,320 386 0 0 0 1,068 742
Ready Mix 1 35 2,370 335 0 0 0 1,187 712
Ready Mix 2 25 2,380 279 0 0 0 1,187 771
Ready Mix 3 20 2,320 223 0 0 0 1,127 831
Ready Mix 4 20 2,320 179 0 44 0 1,127 831
Ready Mix 5 20 2,320 167 0 56 0 1,127 831
Ready Mix 6 20 2,320 145 0 0 78 1,127 831
Ready Mix 7 20 2,320 112 0 0 112 1,127 831
Concrete Masonry Unit | Unspecified 1,822 159 0 0 0 1,081 473
Page 3 of 10

DF_Stage123_Concrete_Production_2016.01.docx



NETL NETL Life Cycle Inventory Data — Process Documentation File

/

coal /
gasaline /L}
liguified /
petroleum gaa/
middle
distillates Input and output flows for producing
I various concrete products
natural gas
/ petroleum
/ coke
residual oil /
/ electricity /L}

concrete product
I:I Process P

g Upstream Emissions Data

Figure 1: Unit Process Scope and Boundary

concrete_production: System Boundary

w

w

b

h

I N N

Page 4 of 10
DF_Stage123_Concrete_Production_2016.01.docx



NETL NETL Life Cycle Inventory Data — Process Documentation File
Table 1: Unit Process Input and Output Flows
Value, Value, Value, Value, Value, Value, Value, U(:,'Ltrs
Value, Value, Value, Ready Ready Ready Ready Ready Ready Ready Value, | Reference
Flow Name Precast1 | Precast2 | Precast 3 Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 CMU Flow) DaQl
Inputs
limestone 3.00E-01 | 2.55E-01 | 2.27E-01 | 1.93E-01 | 1.60E-01 | 1.31E-01 | 1.05E-01 | 9.81E-02 | 8.51E-02 | 6.58E-02 | 1.19E-01 kg 1,1,3,1,1
shale 1.11E-02 | 9.39E-03 | 8.36E-03 | 7.10E-03 | 5.89E-03 | 4.83E-03 | 3.88E-03 | 3.62E-03 | 3.14E-03 | 2.43E-03 | 4.38E-03 kg 1,1,3,1,1
clay 1.35E-02 | 1.15E-02 | 1.02E-02 | 8.67E-03 | 7.19E-03 | 5.90E-03 | 4.74E-03 | 4.42E-03 | 3.84E-03 | 2.96E-03 | 5.36E-03 kg 1,1,3,1,1
foundary sand 8.75E-04 | 7.44E-04 | 6.62E-04 | 5.62E-04 | 4.66E-04 | 3.82E-04 | 3.07E-04 | 2.86E-04 | 2.49E-04 | 1.92E-04 | 3.47E-04 kg 1,1,3,1,1
sand 8.82E-03 | 7.50E-03 | 6.67E-03 | 5.67E-03 | 4.70E-03 | 3.85E-03 | 3.09E-03 | 2.89E-03 | 2.51E-03 | 1.94E-03 | 3.50E-03 kg 1,1,3,1,1
iron 3.01E-03 | 2.56E-03 | 2.28E-03 | 1.94E-03 | 1.61E-03 | 1.32E-03 | 1.06E-03 | 9.86E-04 | 8.56E-04 | 6.61E-04 | 1.20E-03 kg 1,1,3,1,1
fly ash 509E-03 | 4.32E-03 | 3.85E-03 | 3.27E-03 | 2.71E-03 | 2.22E-03 | 2.07E-02 | 2.58E-02 | 1.45E-03 | 1.12E-03 | 2.02E-03 kg 1,1,3,1,1
slag 453E-03 | 3.85E-03 | 3.43E-03 | 2.91E-03 | 2.41E-03 | 1.98E-03 | 1.59E-03 | 1.48E-03 | 3.49E-02 | 4.93E-02 | 1.80E-03 kg 1,1,3,1,1
slate 2.25E-04 | 191E-04 | 1.70E-04 | 1.44E-04 | 1.20E-04 | 9.82E-05 | 7.88E-05 | 7.35E-05 | 6.38E-05 | 4.93E-05 | 8.91E-05 kg 1,1,3,1,1
gypsum 1.07E-02 | 9.06E-03 | 8.06E-03 | 6.85E-03 | 5.68E-03 | 4.66E-03 | 3.74E-03 | 3.49E-03 | 3.03E-03 | 2.34E-03 | 4.23E-03 kg 1,1,3,1,1
water input 3.09E-01 | 2.60E-01 | 2.52E-01 | 1.84E-01 | 1.63E-01 | 1.46E-01 | 1.30E-01 | 1.26E-01 | 1.18E-01 | 1.05E-01 | 1.40E-01 kg 1,1,3,1,1
coal 2.22E-02 | 1.88E-02 | 1.68E-02 | 1.42E-02 | 1.18E-02 | 9.68E-03 | 7.77E-03 | 7.25E-03 | 6.30E-03 | 4.86E-03 | 8.79E-03 kg 1,1,3,1,1
gasoline 4.39E-04 | 4.39E-04 | 4.41E-04 | 1.74E-04 | 1.74E-04 | 1.75E-04 | 1.75E-04 | 1.75E-04 | 1.75E-04 | 1.75E-04 | 1.93E-04 kg 1,1,3,1,1
Liquified petroleum gas 1.68E-06 | 1.68E-06 | 1.68E-06 | 6.74E-09 | 5.59E-09 | 4.5E-09 | 3.68E-09 | 3.43E-09 | 2.98E-09 | 2.30E-09 | 1.47E-06 kg 1,1,3,1,1
middle distillates 3.29E-03 | 3.27E-03 | 3.27E-03 | 8.94E-04 | 8.79E-04 | 8.67E-04 | 8.51E-04 | 8.47E-04 | 8.40E-04 | 8.28E-04 | 6.60E-04 kg 1,1,3,1,1
natural gas 3.86E-03 | 3.75E-03 | 3.69E-03 | 5.75E-04 | 5.01E-04 | 4.36E-04 | 3.76E-04 | 3.60E-04 | 3.31E-04 | 2.86E-04 | 2.07E-03 kg 1,1,3,1,1
petroleum coke 4.94E-03 | 4.20E-03 | 3.73E-03 | 3.17E-03 | 2.63E-03 | 2.16E-03 | 1.73E-03 | 1.62E-03 | 1.40E-03 | 1.08E-03 | 1.96E-03 kg 1,1,3,1,1
residual oil 8.05E-05 | 7.88E-05 | 7.97E-05 | 8.03E-05 | 7.93E-05 | 7.85E-05 | 7.69E-05 | 7.65E-05 | 7.57E-05 | 7.45E-05 | 8.03E-05 kg 1,1,3,1,1
waste energy 8.89E-05 | 7.55E-05 | 6.72E-05 | 5.71E-05 | 4.74E-05 | 3.88E-05 | 3.12E-05 | 2.91E-05 | 2.52E-05 | 1.95E-05 | 3.53E-05 GJ 1,1,3,1,1
electricity 4.92E-02 | 4.46E-02 | 4.19E-02 | 2.38E-02 | 2.05E-02 | 1.76E-02 | 1.49E-02 | 1.42E-02 | 1.29E-02 | 1.09E-02 | 1.96E-02 | kWh 1,1,3,1,1
Outputs
concrete product 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00
:?r;b"” dioxide [emission {0 | 5 4aE o1 | 183E-01 | 1.64E-01 | 131E-01 | 1.09E-01 | 9.03E-02 | 7.31E-02 | 6.84E-02 | 5.99E-02 | 4.70E-02 | 8.58E-02 kg 11,311
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Value, Value, Value, Value, Value, Value, Value, U(fo,s
Value, Value, Value, Ready Ready Ready Ready Ready Ready Ready Value, Reference

Flow Name Precast1 | Precast2 | Precast 3 Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 CMU Flow) DQl
R11
(trichlorofluoromethane) | g yoe100 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | kg | 43241
[Halogenated organic
emissions to air]
Dichlorobenzene (p-DCB;
1 4-dichlorobenzene) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E*00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | kg | 43241
[Halogenated organic
emissions to fresh water]
m‘\*/rgéihay:g”e) [Group | 4 00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | kg 43241
Sulphur dioxide [inorganic. | o0 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | kg | 43241
emissions to fresh water]
Phosphate [Inorganic 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | D.00E+00 | 0.00E+00 | kg | 43241
emissions to fresh water]
Aluminum (+I1) [norganic |4 eqe 7 | 4 61E.07 | 143607 | 1.22E-07 | 1.01E07 | B27E-08 | 6.63E-08 | 6.19E-08 | 5.37E-08 | 4.15E-08 | 750E08 | kg | 14311
emissions to fresh water]
Ammonium / ammonia
[Inorganic emissions to 2.08E-07 | 1.77E-07 | 1.58E-07 | 1.34E-07 | 1.11E-07 | 9.11E-08 | 7.31E-08 | 6.82E-08 | 5.92E-08 | 4.57E-08 | 8.27E-08 kg 1,1,3,1,1
fresh water]
Chloride [Inorganic 160E-04 | 136E-04 | 121E-04 | 1.03E-04 | 852E-05 | 6.98E-05 | 561E-05 | 523E-05 | 454E-05 | 351E-05 | 634E:05 | kg | 113.1,1
emissions to fresh water]
Organic compounds
(dissolved) [organic 3.03E-06 | 2.57E-06 | 2.29E-06 | 1.95E-06 | 1.61E-06 | 1.32E-06 | 1.06E-06 | 9.91E-07 | 8.60E-07 | 6.65E-07 | 1.20E-06 kg 1,1,3,1,1
emissions to fresh water]
t’i'tfrr'éir[]'w;?;?'cem'ss"’”s 130E-06 | 1.10E-06 | 9.80E-07 | 8.32E-07 | 6.90E-07 | 5.66E-07 | 454E-07 | 424E-07 | 3.68E-07 | 2.84E-07 | 514E07 | kg | 11,311
?erceoavi‘?y[}’vasmfor 165E-06 | 1.41E-06 | 1.25E-06 | 1.06E-06 | 8.81E-07 | 7.22E-07 | 5.80E-07 | 5.41E-07 | 4.70E-07 | 3.63E-07 | 6.56E-07 kg 11,311
Phenol [unspecified] 4.85E-09 | 4.12E-09 | 3.67E-09 | 3.11E-09 | 2.58E-09 | 2.12E-09 | 1.70E-09 | 159E-09 | 1.38E-09 | 1.06E-09 | 1.92E-09 kg 1,13,1,1
Phosphorus [Inorganic 121E-09 | 1.03E-09 | 9.16E-10 | 7.78E-10 | 6.46E-10 | 5.29E-10 | 4.25E-10 | 3.96E-10 | 3.44E-10 | 2066E-10 | 481E-10 | kg | 11311
emissions to fresh water]
Sulphate [Inorganic 135E-04 | 1.15E-04 | 1.02E-04 | 8.69E-05 | 7.21E-05 | 5.91E-05 | 4.74E-05 | 4.43E-05 | 384E-05 | 2.97E-05 | 5.37E05 | kg 1,13,1,1
emissions to fresh water]
Sulphide [Inorganic 145E-08 | 1.24E-08 | 1.10E-08 | 9.34E-09 | 7.75E-09 | 6.35E-09 | 5.10E-09 | 4.76E-09 | 4.13E-09 | 3.19E-09 | 577E-09 | kg | 11311
emissions to fresh water]
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Value, Value, Value, Value, Value, Value, Value, U(fo,s
Value, Value, Value, Ready Ready Ready Ready Ready Ready Ready Value, Reference
Flow Name Precast1 | Precast2 | Precast 3 Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 CMU Flow) DQl
Suspended solids,
unspecified [Particles to 515E-05 | 4.38E-05 | 3.89E-05 | 3.31E-05 | 2.74E-05 | 2.25E-05 | 1.81E-05 | 1.68E-05 | 1.46E-05 | 1.13E-05 | 2.04E-05 kg 1,1,3,1,1
fresh water]
Water (wastewater) Water] | 1.02E+00 | 8.99E-01 | 824E-01 | 533E-01 | 4.44E-01 | 367E-01 | 298E-01 | 279E-01 | 244E-01 | 1.92E-01 | 3.22E-01 kg 1,1,3,1,1
Vzv'gtg H"ea"y metals o fresh | 7 5ar 09 | 6.18E-09 | 550E-09 | 4.67E-09 | 3.88E-09 | 3.18E-00 | 255E-09 | 2.38E-09 | 207E-09 | 160E-09 | 2.89E-09 kg 11,311
é\gig‘;g:]as [t'g‘;ri?]a”'c 120E-06 | 1.04E-06 | 9.40E-07 | 6.72E-07 | 5.57E-07 | 4.57E-07 | 3.67E-07 | 3.42E-07 | 2.97E-07 | 2.29E-07 | 4.15E-07 kg 11,311
Carbon monoxide | 2.84E-04 | 249E-04 | 227E-04 | 1.62E-04 | 1.36E-04 | 1.14E-04 | 9.33E-05 | 8.78E-05 | 7.77E-05 | 6.25E-05 | 1.07E-04 kg 11,311
[Inorganic emissions to air]
Hydrogen chloride | 4 64p 05 | 137E:05 | 1.22E-05 | 1.04E-05 | 8.50E-06 | 7.05E-06 | 5.66E-06 | 5.28E-06 | 4.59E-06 | 3.55E-06 | 6.38E-06 kg 11,3,1,1
[Inorganic emissions to air]
t'\ge;ﬁrry (+ll) [Heavy metals | 4 34r 08 | 1.14E-08 | 1.02E-08 | 861E-09 | 7.5E-00 | 5.86E-09 | 4.71E-00 | 4.39E-09 | 3.82E-09 | 2.95E-00 | 532E-09 | kg | 11311
Methane [Organic
emissions to air (group 8.57E-06 | 7.33E-06 | 6.57E-06 | 5.42E-06 | 4.52E-06 | 3.73E-06 | 3.03E-06 | 2.83E-06 | 2.48E-06 | 1.95E-06 | 3.48E-06 kg 1,1,3,1,1
VOC)]
e"‘:;ﬁgg;?};”t‘(')daeisﬂ['”organ'c 5.28E-04 | 454E-04 | 4.09E-04 | 3.39E-04 | 2.86E-04 | 2.38E-04 | 1.96E-04 | 1.85E-04 | 1.63E-04 | 1.31E-04 | 2.21E-04 kg 11,311
E)usitr](unSpeCiﬁed) [Particles | 7 osg.04 | 6.16E-04 | 5.65E-04 | 4.98E-04 | 434E-04 | 378E-04 | 325E-04 | 3.11E-04 | 284E-04 | 245E-04 | 355E-04 kg 1,1,3,1,1
gr‘;'i‘;r;fgndsi‘gigﬁ]['”°rga”ic D84E-04 | 241E-04 | 215E-04 | 182E-04 | 151E-04 | 1.24E-04 | 996E-05 | 9.20E-05 | 8.O7E-05 | 6.23E-05 | 113604 | kg | 11,31,
NMVOC (unspecified) 6.66E-06 | 6.35E-06 | 6.17E-06 | 2.92E-06 | 2.69E-06 | 2.49E-06 | 2.30E-06 | 225E-06 | 2.16E-06 | 2.02E-06 | 254E-06 | kg | 11311
[Group NMVOC to air]
x\i’:;;‘:éﬁ""d) (Wastefor | 4 11E.02 | 399E-02 | 3.91E-02 | 1.60E-02 | 1.50E-02 | 142E-02 | 135E-02 | 133E-02 | 129E-02 | 124E-02 | 344E-02 | kg | 14311
ggg’ﬁ‘jgt':f]a"y metalsto | 5 14E42 | 520E-12 | 533E-12 | 849E-12 | 854E-12 | 850E-12 | 859E-12 | 859E-12 | 8.59E-12 | 859E-12 | 195E-12 kg 11,311
u‘;?e[r']*ea"y metals 0 fresh | 5 1419 | 520E-12 | 533E-12 | 849E-12 | 854E-12 | 859E-12 | 859E-12 | 859E-12 | 8.59E-12 | 859E-12 | 195612 | kg | 11311
g\iﬁe”"’ [Heavymetalsto | 4 792 40 | 172E-10 | 1.73E-10 | 1.72E-10 | 1.72E-10 | 1.72E-10 | 1.72E-10 | 1.72E-10 | 1.72E-10 | 1.72E-10 | 1.58E-10 kg 11,311
Beryllium [lnorganic 188E-11 | 188E-11 | 1.88E-11 | 2.25E-11 | 225E-11 | 225E-11 | 2.25E-11 | 225E-11 | 225E-11 | 2.25E-11 | 1.28E-11 | kg | 1,131
emissions to air]
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Value, Value, Value, Value, Value, Value, Value, U(fo,s
Value, Value, Value, Ready Ready Ready Ready Ready Ready Ready Value, Reference
Flow Name Precast1 | Precast2 | Precast 3 Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 CMU Flow) DQl

gif‘]dm'“m [Heavymetalsto | g car 14 | g58E-11 | 8.60E-11 | 3.24E-11 | 325611 | 3.25E-41 | 3.25E-11 | 3.25E-11 | 3.25E-11 | 3.25E-11 | 4.25E-11 kg 11311
Chromium (unspecified)
[Heavy metals to fresh 6.28E-10 | 6.28E-10 | 6.28E-10 | 5.55E-10 | 5.56E-10 | 5.56E-10 | 5.56E-10 | 5.56E-10 | 5.56E-10 | 5.56E-10 | 5.81E-10 kg 11,3,1,1
water]
Cobalt [Heavy metals to air] | 3.25E-11 | 3.34E-11 | 356E-11 | 343E-11 | 321E-11 | 3.20E-11 | 329E-11 | 329E-11 | 320E-11 | 3.29E-11 | 357E-11 kg 113,11
gi(r)]pper [Heavy metals to 107E-11 | 1.07E-11 | 1.07E-11 | 1.86E-11 | 1.86E-11 | 1.86E-11 | 1.86E-11 | 1.86E-11 | 1.86E-11 | 1.86E-11 | 0.00E+00 kg 11311
Lead [Heavy metals to air] | 249E-10 | 249E-10 | 250E-10 | 2.35E-10 | 2.35E-10 | 2.35E-10 | 2.35E-10 | 2.35E-10 | 2.35E-10 | 2.35E-10 | 2.19E-10 kg 113,11
t"gaar;ﬁa”ese [Heavymetals | 5 61F.09 | 3.81E-00 | 3.81E-09 | 3.82E-09 | 3.82E-09 | 3.82E-09 | 3.82E-09 | 3.82E-09 | 3.82E-09 | 3.82E-09 | 3.81E-09 kg 11,3,1,1
Nickel [Heavy metals to air] | 1.18E-09 | 1.19E-09 | 1.22E-09 | 1.12E-09 | 1.13E-09 | 1.14E-09 | 1.14E-09 | 1.14E-09 | 1.14E-09 | 1.14E-09 | 1.18E-09 kg 113,11
Tetrachloroethene
(perchloroethylene) 130E-12 | 1.31E-12 | 1.34E-12 | 207E-12 | 2.08E-12 | 2.09E-12 | 2.09E-12 | 2.09E-12 | 2.09E-12 | 2.09E-12 | 3.81E-13 kg 113,11
[Halogenated organic
emissions to air]
E;‘I’ssg‘;;“; [Lri‘grga”'c 187E-09 | 1.87E-09 | 1.87E-09 | 1.90E-09 | 1.90E-09 | 1.90E-09 | 1.90E-09 | 1.90E-09 | 1.90E-09 | 1.90E-09 | 1.87E-09 kg 11,3,1,1
radionuclides [Radioactive | 4 31 05 | 131E-05 | 133605 | 1.13E-05 | 1.13E-05 | 1.14E-05 | 1.14E-05 | 1.14E-05 | 1.14E-05 | 1.14E-05 | 549E-06 | kBq 113,11
emissions to air]
Si?]lemum [Heavymetalsto | 4 yor 41 | 450E-11 | 452E-11 | 6.38E-11 | 6.39E-11 | 6.40E-11 | 6.40E-11 | 640E-11 | 6.40E-11 | 6.40E-11 | 1.78E-11 kg 11,311
Sulphur oxides [Inorganic | 4 yor 46 | 12006 | 123E-06 | 1.16E-06 | 1.17E-06 | 1.18E-06 | 1.18E-06 | 1.8E-06 | 1.18E-06 | 1.18E-06 | 1.10E-06 kg 11311
emissions to air]
Zinc [Heavy metals toair] | 7.12E-12 | 7.12E-12 | 742E-12 | 1.24E1 | 1.24E-11 | 124E-11 | 1.24E-11 | 1.24E-11 | 124E-11 | 1.24E-11 | 0.00E+00 kg 113,11

* Bold face clarifies that the value shown does not include upstream environmental flows.

Note: Inventory items not included are assumed to be zero based on best engineering judgment or assumed to be zero because no

data was available to categorize them for this unit process at the time of its creation.
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Embedded Unit Processes
None.
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Section IV: Disclaimer

Neither the U.S. Department of Energy (DOE) National Energy Technology Laboratory (NETL) nor any
person acting on behalf of these organizations:

A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this document, or that the use
of any information, apparatus, method, or process disclosed in this document may not
infringe on privately owned rights; or

B. Assumes any liability with this report as to its use, or damages resulting from the use of any
information, apparatus, method, or process disclosed in this document.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by NETL. The views and opinions of the authors expressed herein do
not necessarily state or reflect those of NETL.
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